I. Osmotic quantities to be distinguished Some authors use seven or eight terms, others content themselves with two or even a single one. The points of view are much divided. In order to reach an objective judgment, let us consider a cell from the pith of Inmpatiens noli-tangere, a cell which has been accurately measured by URSPRUNG and BLUM (48), MOLZ (28), URSPRUNG and BECK (44), and URSPRUNG (46). Cf. also BECK (1). Let V represent the volume of the given cell, and the indices n, g, and s, represent the normal phase, incipient plasmolytic phase (grenzplasmolytischen), and saturation phase respectively. We distinguish ( fig. 1 , schematic sketch of cell) the normal volume (Vn = 14,122 units) of the unchanged cell, the volume at incipient plasmolysis (Vg = 13,209 units), and the volume at complete saturation (Vs = 14,779 units). Vn had at the time of observation the value just given, which, however, changed as the water balance within the cell changed.
If we desire to measure the osmotic potential of the cell sap of the individual cell, we must begin with the phase of incipient plasmolysis. By means of the plasmolytic method we find first that the incipient plasmolysis value (i.e., the osmotic value at incipient plasmolysis) is Og = 0.38 mol cane sugar. This concentration of the cane sugar solution will cause the protoplasm of our cell to recede from the cell wall ever so little. In the absence of complicating factors, so that the volume changes of the cell have no other effects than corresponding changes in the concentration of the cell sap, one can calculate the osmotic value of the normal sap, O,,, from Og = 0.38 by the equation: On = OgV= 0.355 mol cane sugar. If we place the cell sap or an isosmotic cane sugar solution in an osmometer with a semipermeable membrane, the cell sap at incipient plasmolysis would develop an osmotic pressure (physicist's terminology) or a suction force (suction tension, suction2) (our terminology3) of 10.5 atm. In the condition of equilibrium the protoplasm must have the same suction force. Hence we may write: The suction force (suction tension, suction) of the Our suction force equation contains three osmotic quantities which differ in their concepts and usually also in their numerical expression. It appears from the numerical expression given above, and even more clearly from the graphic representation in figure 1 , that these three quantities behave in an altogether different manner as the cell changes from the phase of incipient plasmolysis to the phase of saturation. St varies but little; W increases very rapidly; and Sz decreases even more rapidly. Let particular emphasis be placed on the fact that the same cell may simultaneously possess an inner pressure of several atmospheres (Tn = 5.4 atm.), and nevertheless be able to take in water (Szn = 4.3 atm.).
Previously it was assumed that no foreign mechanical stress or strain was placed upon the cell; in this case T = W numerically. If an external pressure (+ A) or tension (-A) is present, then T = W + A, and the equation expressing the suction force takes the form: S7 = Si -(W + A).
SIGNIFICANCE OF THE OSMOTIC QUANTITIES
The significance of the osmotic quantities follows consequently from what has already been said.
The suction force (suction tension, suction) of the cell, Si.= 4.3 atm., is the quantity that is the dimensional standard for the intake, the extrusion, and the conduction of water. It is indispensable, for example, in the study of water economy.
The suction force (suction tension, suction) of the contents of the cell, Si, = 9.7 atm., must not be confounded with Sin. URSPRUNG 46.) mine the amount of water absorption, but it is an important component of Sz, as is shown by the equation Szn = Si n -W,l. Sj,; is equal to the suction force of the protoplasm. It is furthermore a measure for the change in the water balance of the cell, provided the osmotic solute remains constant.
The wall pressure, Wn= 5.4 atm., naturally plays an important role in turgor movements. The measurement of this quantity has furthermore contributed in establishing the relations that exist between turgor pressure and growth. The rigidity of the soft-walled cell is the result of the combined action of the wall pressure and the turgor pressure. In the state of equilibrium T =W; when, however, asci burst open in plasmoptyse T > W. The c6nfusion is even greater in the following example: the author is studying water intake; he requires to know the suction force of the cell (4.3 atm.), but he speaks of turgor pressure (5.4 atm.) and he measures the suction force at incipient plasmolysis (10.5 atm.).
The difficulties of the cryoscopic method are similar. When this method is used to investigate water economy, e.g., DIxoN (6), HARRIS and his associates (14) (15) (16) (17) (18) (19) , KORSTIAN (24) , the quantity determined is not the correct one. For there is no doubt that, in connection with water intake, the suction force of the cell contents does not come into consideration at all, but rather the suction force of the cell (4.3 atm.). The error of all investigations of water economy that depend on the cryoscopic method lies in neglecting to take the wall pressure into consideration.
The misunderstandings that have arisen as the result of the confusion of the osmotic quantities have been discussed elsewhere (URSPRUNG, and BLUM 48); further examples may readily be found by any one in the language with which he is familiar. The task of the new terminology must be to provide a nomenclature such that misconceptions will be avoided.
B. THE RECENT TERMINOLOGY
The quantities which are to be distinguished have been indicated in sections I and II. The individual terms will now be discussed. As previously mentioned, the normal phase is indicated by the omission of the modification referring to the phase; consequently "suction force of the cell" is used instead of "suction force of the cell in normal phase." Of all the terms the expression "suction force" has been most objected to. Some authors criticize only the element "force" (Kraft); others reject the term "suction" as well.
(a) Pros and cons of "suction."-SHULL (36) , to my knowledge the only author who has expressed himself as opposed to the term "suction" (Saugung), says: "If a careful analysis of water movement is made it will always be found that water is the active compound. The cell contents merely provide a medium of lower free water content into which water from regions of greater free water content moves. The pressure in any cell is caused by the free water entering from outside the cell. If the pressure in a street car, when overcrowded with people who try to enter after the car is full, can be called a suction pressure, then the pressure in a cell can be called suction pressure, and the force of entry called suction tension. "4 In answer to these statements the following remarks may be permitted. So far as I know, the actual cause of the osmotic phenomenon is unknown even today (cf., for example, FINDLAY 9); consequently there is no necessity for the physiologist to restrict the terminology to any particular theory.
The ordinary mode of expression favors the term "suction"; then there is in use a very old expression which we find for example in suction pump, suction root, suction hair. The (38) also says in a later paper: "If the expansive force exerted in the interior of an automobile tire when we force air into it can legitimately be called a 'suction force,' then also we can call the expansive force of a cell when water is forcing its way into the cell a 'suction force.' " (c) Suggested sutbstitutes for "force."-Suction "pressure"-as suggested by STILES (40, 41) , and BRIEGER (4) , a student with RENNER-has the correct dimensions but is a physical impossibility, since a manometer can register either suction or pressure, but not both at the same time (URSPRUNG 45, p. 196 URSPRUNG 45) . If a new term had to be chosen, one would choose tension (Spannung); but since the term suction "force" is already a half century old and has given rise to no misconceptions, it may as well, as I see it, be retained in the future. Even the physicists tolerate a similar liberty in the use of terms, e.g., using "Dampfspannung" instead of "Spannkraft" of steam (CHWOLSON 5, p. 709); but if Spann"kraft" is permitted in physics, why should the term Saug"kraft" be forbidden in physiology? Furthermore, so long as we retain such terms as cryptogams, tracheae, and leucoplasts one has no right to forbid suction force. It is after all simply a matter of taste whether one, with deference to the historical development, continues to use an old term which has given rise to no misconceptions, or whether one prefers a faultlessly correct expression.
( Concerning the terms "Hydratur" and "Wasserzustand" the reader is referred to section (2) later.
"Turgor deficit" employed by CURTIS (private communication from BECK), it seems to me, can mean only one thing, i.e., a difference between the maximum turgor pressure which is possible and the pressure which actually exists. As is shown in figure 1 , the turgor deficit of our Impatiens cell is 9.3 -5.4 = 3.9 atm., while the suction force of the cell is Szn = 4.3 atm.
Turgor deficit and suction force of the cell are not equal numerically, nor are the terms conceptually alike; they cannot therefore be used synonymously.
SHULL (37) "sees no good reason for using any other term than osmotic pressure in connection with the turgidity of plant cells." But how, then, shall our osmotic quantity 4.3 atmospheres be designated? The "osmotic pressure" is really 9.7 atm., the "turgor pressure" 5.4 atm.; accordingly the difference, if we are to preserve both these terms, must be designated as "the difference between the osmotic pressure and the turgorpressure," a term surely too detailed to find any support.5 "Traction" was suggested ( 5 SHULL has suggested "net osmotic pressure" for this quantity. 6 Translator 's note: The author refers to a letter from LIVINGSTON to the translator January 3, 1927, in which LIVINGSTON suggested in an informal way a number of terms which were submitted by the translator, of his own accord, to URSPRUNG. The discussion is too lengthy to be given here.
The only question is whether, to avoid misunderstanding, it is necessary to speak of a static suction force when the osmotic energy remains potential, and of a kinetic suction force when the osmotic energy becomes actual and sets the water in motion. An example from mechanics may serve to elucidate this. Suppose that two similar, one-horsepower tractors are attached to the same vehicle; in one case the tractors pull in the same direction and in the other they pull in opposite directions. It is quite unnecessary to refer in the first case to kinetic or actual horsepower and in the second to static or potential horsepower; similarly it is altogether superfluous to make a like distinction in physiology.
Moreover, the expressions absolute and relative suction force which are employed to signify that the cell with a suction force of 4.3 atm. is in the first case sucking against pure water, and in the second case against an osmotically active environment, are to say the least superfluous. As has already been shown (URSPRUNG and BLUM 49, p. 2), the suction force is the same in both cases; the suction force gradient, however, is different in the environment of the cell. This fact is simply and unequivocally expressed by the use of this old term (suction force).
New and unnecessary terms should, in my opinion, be avoided, as they mean a useless complication of nomenclature which unnecessarily makes understanding difficult for the beginner and layman.
To summarize, then, for the quantity Sz. = 4.3 atm. the following terms are recommended: suction force of the cell, suction tension of the cell, or suction of the cell; in addition one may use the expressions suction force gradient, suction tension gradient, or suction gradient.
(2) SUCTION FORCE OF THE CELL CONTENTS, Sin = 9.7 ATM.-What has just been said regarding suction force of the cell applies as well to the discussion of the cell contents. We may therefore give our attention immediately to the counter suggestions.
(a) Counter suggestions.-Osmotic pressure is an excellent term in the field of physics, which, however, has not proved adequate in plant physiology. Before 1916 all of the osmotic quantities measured or used were simply referred to as osmotie pressure, even when they differed in numerical value as well as in their concepts. For example, previous to that time osmotic pressure was sometimes understood to mean SZ,n= 4.3 atm., sometimes it meant Sin = 9.7 atm., sometimes Tn = 5.4 atm., sometimes Szg =10.5
atm. That such a state of affairs must lead to serious confusion is selfevident.
If the physiologist wishes to employ the term "osmotic pressure" he must use it in the sense of the physicist, i.e., the maximum pressure which the cell sap can sustain in an osmometer which is provided with a semi-permeable membrane. Accordingly it is correct to say that the "osmotic pressure" of the cell sap is 9.7 atm. Let us now examine this term and see whether it serves the physiologist's purpose.
Referring to figure 2 , b, note that the 0.355 mol cane sugar solution exercises a suction upon the water which lies on the opposite side of the membrane and above the mercury, which amounts to 9.7 atm. In figure 2 , a, the manometer shows a pressure of 9.7 atm. The 9.7 atm. may be regarded as a tension as well as a pressure. The cell which we have been considering possesses a turgor pressure of 5.4 atm. as well as an osmotic pressure of 9.7 atm.; since both pressures are the immediate result of the osmotic phenomenon, they may, though distinct, readily be confounded. Let a recent case serve as illustration. (For less recent cases cf. URSPRUNG and BLUM 48.) WENT ('55) says: "The osmotic pressure of the contents of the cell is received by the stretched cell wall." "Osmotic pressure" is spoken of, which in the case of our illustrative cell is 9.7 atm., while the author has in mind turgor pressure which is really 5.4 atm.
Since the 9.7 atm. (refer to equation Szn= Si -W) tend to carry the water into the cell and the 5.4 atm. tend to force water from the cell, it does not seem desirable to apply the same term "pressure" indiscriminately in both cases. Since there is no opposition to the term "turgor pressure" as here used, there remains nothing else but to drop the expression "osmotic pressure" if we are to avoid being misunderstood.
"Osmotic value" was suggested as a substitute for "suction force of the contents of the cell" by IHIFLER (21) and WALTER (53) . The latter desires that the osmotic value should be expressed only in atmospheres, while I express it in molal units.
Under the caption "value" anything may be understood a priori. If, however, we are to give unequivocal expression to what we mean, we should agree upon one mode of expression of the quantity (cf. also sec. 4). WAL-TER'S suggestion, to express the value only in atmospheres, is not practicable; first because we frequently need the molal expression (e.g., in the equation On = Og V which is necessary for the determination of Sin of the Vn individual cell), and then because it is not always possible to translate the molal value into atmospheres partly because the concentration data are insufficient. As we already have the expression "suction force (suction tensionl, suction) of the contents of the cell," the simplest course would be to continue to express the "osmotic value" in molal units.
"Osmotic concentration" has been used for a long time by HARRIS and his associates (14) (15) (16) (17) (18) (19) should not be expressed in atmospheres. "Density of cell sap" is used by KORSTIAN (24) as synonymous with "osmotic pressure." This expression also is unsuitable since density cannot be measured in atmospheres.
"Water relations," "water conditions," and "Hydratur" are expressions that WALTER (52-54) suggests as substitutes for "suction force (suction tension, suction) of the contents of the cell" and he expresses the quantity in atmospheres. He uses three methods for the measurement of "Hydratur" which yield results that are numerically different and are altogether different in concept: (1) Cryoscopy of the expressed sap which gives an average value of Sin=9.7 atm.; (2) Determination of the vapor pressure of intact cells which gives values of S., = 4.3 atm. and not values for Sin; (3) The method of incipient plasmolysis by which Sig= Szg=10.5 atm. is determined. Not only do these methods yield quantities that are altogether different in themselves but they are rechristened and defined in a manner that introduces confusion. While WALTER thinks he is measuring the "water condition" or "Hydratur," usually by determining the quantity Si.= 9.7 atm., RENNER (35) explains that the "water condition" or "Hydratur" can agree in value only with the suction force of the cell Szn= 4.3 atm. This confusion follows from the fact that both authors are measuring different quantities and apply common names indiscriminately.
WALTER studies the situation from the point of view of the suction force of the protoplasm, while RENNER regards it from the point of view of the suction force of the cell. These recent examples show how futile it is to form a new, indefinite and unnecessary terminology; it makes things very difficult for those who are not very familiar with the subject, while nothing of value is gained. I retained, whenever it was at all possible, the alreadyexisting terms, precisely for the purpose of not overburdening the nomenclature.
(3) THE SUCTION FORCE AT INCIPIENT PLASMOLYSIS, Sig = Szg= 10.5 ATM. Here again that which was already mentioned about "suction force" holds, i.e., that "suction tension" or "suction" should be considered synonymous with it. The modifications "of the cell" and "of the contents of the cell" become superfluous, since Sig = Szg = 10.5 atm. At this time it is probably self-evident that only the suction force at incipient plasmolysis can be measured and not all other kinds of quantities. It follows that previous misunderstandings in so far as they arose from confusion of terms should henceforth be eliminated. The determination of Sig= 10.5 atm. by the plasmolytic method has rendered physiology great service (one has only to recall the work of DE VRIES), and will continue to do so in the future (e.g., in the study of osmotic regulation) if one only uses a proper plasmolytic agent, and if care is taken to interpret the results correctly. The term "osmotic value" (when the attribute is lacking, "in the normal phase" is understood) signifies the molal expression of the concentration of the plasmolyte which is isotonic with the cell sap, when the cell has the normal volume (URSPRUNG and BLUM 48; BECK 2). The osmotic value at incipient plasmolysis, On = 0.38 mol cane sugar, must first be deter- (21) Other variations often consist in replacing Si by the osmotic pressure. As was shown previously (2) this is not to be recommended; first because it leads to confusion with the turgor pressure, and then again because it is to no good purpose to use the common term "pressure" for a quantity which tends to press water from the cell and another which tends to draw water into the cell.
The why and the wherefore of expressing the osmotic value in molal units rather than in atmospheres has been discussed (cf. sections 2, 4, 5).
If suction tension or suction is to be preferred to suction force it is a matter of taste so far as I am concerned.
(c) Suggestions on the reduction of the number of terms.-As was mentioned above, SHULL (36) (37) (38) prefers to use no term other than "osmotic pressure" in connection with the turgidity of plant cells. Similarly LUBI-MENKO (27) speaks only of "pression osmotique" and "pression de turgescence. " H6BER (20) speaks of "osmotischen Druck" and "Turgor." OLT-MANNS (29) even tries to get along with the term "turgor" alone.
In itself, of course, the notion of reducing the number of terms is very welcome; but for all that, the basic purpose, i.e., the possibility of clear expression of ideas and the elimination of misunderstandings, must not be sacrificed. That two terms will not suffice to express unequivocally seven quantities will probably not be questioned in view of the illustrations which were drawn from various authors, and further demonstration will hardly be necessary. Referring again to SHULL'S reviews, he wrote (36) fig. 1 ), both experience a decrement, but it is slight in Si, i.e., from 10.5 to 9.3 atm., and considerable in S,, i.e., from 10.5 to 0.0 atm. If the quantity Si, is determined in the study of the water economy, faulty individual values are obtained, because the real indicator of the conditions is Szn.
Whoever attempts to carry on with only one or two terms is bound to fall into the same errors that were committed in the past, i.e., labeling indiscriminately Szn = 4.3 atm., Tn = 5.4 atm., Sz = 10.5 atm., whichever quantity is desired, as "osmotic pressure. " 7 He had no such intention.
Summary
The earlier studies of osmosis in plants led to confusion because a common name was applied to different quantities and because of attempts to measure these quantities by a common method. The creation of methods which permit the determination of the different quantities numerically as well as in concept, constitutes the essential difference between the more recent studies and the older ones. In order to avoid misunderstandings a new terminology became necessary. It embraces the expressions: Suction force (suction tension, suction) of the cell, Szn; suction force (suction tension, suction) gradient; suction force (suction tension, suction) of the contents of the cell, Sin; suction force (suction tension, suction) at incipient plasmolysis SZg= Sig; osmotic value, On; osmotic value at incipient plasmolysis = incipient plasmolysis value, Og; wall pressure, Wn; turgor pressure, Tn; and the turgor distention produced by the turgor pressure. The terms are, as they should be, unequivocal, simple, and easy to understand. In so far as it was possible, they were linked to the old terminology. The terms suction and pressure were chosen in accord with the indications on the manometer. Wherever the manometer permits both designations, the form that seems best adapted to avoid misunderstandings has been chosen. The prime purpose of terminology is simplicity and the elimination of error. When these ends can be obtained in different ways a certain flexibility in the mode of expression should be tolerated. With me it is a matter of taste whether suction tension or suction be considered synonymous with suction force. Even though it is desirable to use but a single term for a given quantity, it is not absolutely necessary, so long as the essential purpose of terminology is not defeated. For decades the significance of terminology was underestimated, but we need not for all that go to the other extreme.
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